The majority of hot subdwarf stars are low-mass core-helium-burning stars. Their atmospheres are generally helium deficient; however a minority have extremely heliumrich surfaces. An additional fraction have an intermediate surface-helium abundance, occasionally accompanied by peculiar abundances of other elements. We have identified a sample of 88 hot subdwarfs including 38 helium-deficient, 27 intermediate-helium and 23 extreme-helium stars for which radial-velocity and proper-motion measurements, together with distances, allow a calculation of Galactic space velocities. We have investigated the kinematics of these three groups to determine whether they belong to similar or different galactic populations. The majority of helium-deficient subdwarfs in our sample show a kinematic distribution similar to that of thick disk stars. Helium-rich sdBs show a more diverse kinematic distribution. Although the majority are probably disk stars, a minority show a much higher velocity dispersion consistent with membership of a Galactic halo population. Several of the halo subdwarfs are members of the class of "heavy-metal" subdwarfs discovered by Naslim et al. (2011 Naslim et al. ( , 2013 .
Introduction
Hot subluminous stars or subdwarfs are traditionally classified into three types by their spectra (Drilling et al. 2003) . Subdwarf B (sdB) stars have a surface effective temperature T eff in the range 20,000-40,000 K and hydrogen-Balmer absorption lines wider than in normal B stars; subdwarf O (sdO) stars, with T eff ranging from 40,000-80,000 K have strong He + absorption lines; subdwarf OB (sdOB) stars represent a transition between O and B types (Moehler et al. 1990; Heber 2009 ). These objects are located below the upper main sequence on a Hertzsprung-Russell (HR) diagram. Identified as low-mass core-helium burning stars with lowmass envelopes, they are also known as extreme horizontal branch (EHB) stars.
The atmospheres of sdB stars are generally helium deficient, as radiative levitation and gravitational settling cause helium to sink below the hydrogen-rich surface (Heber 1986) , deplete other light elements and enhance many heavy elements in the photosphere (O'Toole & Heber 2006). However used to establish population membership. However, stars in the Milky Way formed at different epochs belong to different populations, which can be distinguished via kinematic criteria. Kinematical data gives us access to the motions of the different populations of stars in the Galaxy. Some components of the Milky Way are rapidly rotating with little dispersion in the velocities of the members while others show only little rotation but high dispersions. Orbital eccentricity may also distinguish between younger and older stars as more gravitational interactions lead to larger deviations from originally circular orbits (if that is where the progenitors formed).
Members of the thin disk population are found close to the Galactic plane in low eccentricity orbits. Heliocentric velocities of thin disk stars in the solar neighbourhood are small. Stars of the thick disk population orbit around the Galactic centre on more eccentric orbits and are found at higher distances from the plane. Typically, velocities are larger, relative to the Local Standard of Rest, than for thin disk objects. Stars of the Galactic halo population (also known as population II stars) are often found at large distances from the galactic disc and their orbits are often highly eccentric. Halo stars as a population do not (or not much) participate in the galactic rotation. These stars include those with the highest heliocentric velocities.
Previous studies involving the kinematics of sdBs found that the majority are members of the disk, but that a minority are halo members (Altmann et al. 2004 ). Randall et al. (2015) have recently shown that the intermediate-helium sdB star LS IV−14
• 116 has halo kinematics. This raises the question of whether the helium-rich hot subdwarfs all belong to this halo minority and the "normal" sdO/Bs are a disk population. In this paper we collate radial velocities and proper motions for a significant sample of helium-deficient, intermediate-helium and extreme-helium subdwarfs, including a number of new measurements ( § 2). From these we compute space velocities ( § 3) and galactic orbits in order to identify the parent populations ( § 4). We discuss some of the implications of these results for interpreting the origin of, in particular, the chemically-peculiar intermediatehelium sdBs ( § 5).
Data
We analysed a sample of 88 hot subdwarfs (sdO/B) including 38 helium deficient, 27 intermediate helium and 23 extreme helium stars. The criterion for inclusion was that each star should have measurements of radial velocity, helium abundance and proper motion; these are shown in appendix Tables A.6 -A.8.
Radial Velocities
Radial velocities for 63 stars were obtained from the literature, as described in Appendix Tables A.6-A.8. A small number of these have errors in excess of 30 km s −1 ; although large, the data were retained so as not to over-restrict the sample. The errors were propagated through the space motion calculations.
Radial velocities for 32 helium-rich hot subdwarfs were measured by us and are presented here (Table 1) . Two spectra for 10 of these stars were obtained using the UVES instrument on the ESO VLT, as part of the ESO supernova progenitor survey between 2000 and 2003 . Pipeline reduced spectra were recovered from the ESO archive. Velocity shifts were measured by crosscorrelation with an appropriately chosen model spectrum. Radial velocities for four stars observed in 2005 with the University College London Echelle Spectrograph (UCLES) on the Anglo-Australian Telescope (AAT), were measured by cross-correlation with theoretical spectra corresponding approximately to the solutions obtained by Naslim et al. (2010) . The dates and heliocentric radial velocities measured for each observation are shown in Table 1 . with a mean uncertainty of ±4.6 km s −1 . The mean velocity for each star is represented as γ, and the error represents half the difference between the two measurements. For HE 0111-1526 and HE 1258+0113, these differences are, respectively, more than 8 and 5 times the mean differences of the remainder, suggesting that one or both may be binaries. These stars have not been used in the kinematical analysis as the system velocity is unknown.
Five helium-rich sdO/B stars were observed with the HDS instrument on the Subaru telescope, operating in service mode on 2015 June 3. The data were reduced using standard IRAF procedures, the echelle orders were merged and wavelengths corrected for earth motion. Radial velocities of each star were measured by cross-correlation against a standard template. Two templates were used, being theoretical spectra for intermediate helium-rich hot subdwarfs and having effective temperatures of 34 000 and 40 000 K, the first being carbon-rich, the second nitrogen-rich. Two spectral windows were used with each template, covering a part of both CCDs in the HDS instrument, and hence giving four independent measurements of velocity for each observation. The means and standard deviations are given in Table  1 . The radial velocities for the other twelve stars reported in Table 1 were measured from the blue part of the spectrum (4165 -4570Å) published by Ahmad & Jeffery (2003) , using cross-correlation as for the Subaru data. The template was an extremely helium-rich model with effective temperature 40 000 K and surface gravity log g = 5.4.
Since binary companions affect the radial velocity of a star periodically, the system velocities, γ, were used for confirmed binary systems. We cannot exclude the possibility of unconfirmed binary systems which would affect the calculated Galactic velocities and orbits. Estimates of the binary fraction for EHB stars are between 50 and 60% (Maxted et al. 2001; Copperwheat et al. 2011) . This is a lower bound since the radial velocity variations of very long period systems are difficult to detect. All stars with single epoch radial velocity measurements and confirmed binary systems are flagged in Tables A.9 -A.11. These flagged stars should be considered as candidates for the thin disk, thick disk or halo populations until the radial velocities are confirmed.
Abundances
Subdwarf O and B stars can be further classified by their surface helium content. Based on the overall classification for hot subdwarfs developed by Drilling et al. (2013) , extreme helium-rich subdwarfs are defined to have nHe > 80% by number, intermediate helium-rich subdwarfs have a helium abundance of 5% < nHe < 80% and helium-deficient subdwarfs have nHe < 5%. Helium abundances for the current sample were obtained from Ahmad et al. (2007a); Edelmann (2003) ; Drilling et al. (2013); Geier et al. (2015) ; Naslim et al. (2010 Naslim et al. ( , 2013 and Stroeer et al. (2007) , and the sample subdivided according to the above criteria. Six intermediate-helium sdBs have been found to have unusual and interesting surface chemistries. Edelmann (2003) found PG 0909+276 and UVO 0512-08 to show surface helium abundances of roughly 20% by number, and extreme (3 -4 dex) overabundances of scandium, titanium, vanadium, manganese, and nickel.
LS IV−14
• 116 has a gravity slightly lower than that of normal sdB stars (log g = 5.6), and a surface helium abundance of about 16 per cent by number. It is slightly metal poor (−0.8 dex) relative to the Sun. What makes LS IV−14
• 116 distinct from any other hot subdwarf, whether helium rich or not, is the overabundance by 4 orders of magnitude of zirconium, yttrium and strontium and a 3 dex overabundance of germanium in the line-forming region of the photosphere (Naslim et al. 2011) .
Two stars, HE 2359-2844 and HE 1256-2738, show optical absorption lines due to triply ionised lead (Pb iv) which have never previously been detected in any star (Naslim et al. 2013) . The atmospheric abundance of lead is nearly 10 000 times that measured in the Sun. HE 2359-2844 also shows zirconium and yttrium abundances similar to those in the zirconium star LS IV−14
• 116. UVO 0825+15 has just been discovered to be a variable lead-rich hot subdwarf (Jeffery et al. 2017). 
Proper Motions
The proper motions used in this work were taken from either the PPMXL or the NOMAD catalogues (Roeser et al. 2010; Zacharias et al. 2004) 
Distances and Reddening
Distances were estimated from photometry using the distance modulus
where µ = mB -MB and AB = 4.1EB−V. MB is the absolute magnitude and mB is the apparent magnitude in B.
Values for mB were taken from SIMBAD and those for MB were taken from the literature (references in Appendix Tables A.6-A.8). Only 45% of stars in this sample had published values for MB, for the remainder estimates were made by assuming the means of these values, which are 4.14 mag for the helium-rich and 3.99 mag for the helium-deficient sdO/Bs. The reddening values (AB) were found using a dust extinction tool, hosted by the NASA/ IPAC Infrared Science Archive, which gives the Galactic dust reddening for a line of sight, returning a reddening map that is a reprocessed composite of the COBE/DIRBE and IRAS/ISSA maps (Schlafly & Finkbeiner 2011) . The large reddening corrections to the KPD stars may be overestimated by this method due to their low Galactic latitudes. Hence their distances are likely underestimated. Distances, from a variety of methods, were found in the literature. These were compared with the calculations performed here (Table 2) . Out of the twenty distances compared there was a 95% agreement. Distances for JL 87 and SB 705 were taken from the Astraatmadja & Bailer-Jones (2016) catalogue which make use of the Gaia DR1 parallaxes. 
Kinematics

Calculating Galactic Velocities
Using the observed values of right ascension, declination, distance, proper motion and radial velocity, the Galactic velocity components were calculated following the method outlined in Randall et al. (2015) . The left-handed system for the velocity components is used here, where U is the Galactic radial velocity, positive toward the Galactic centre, V is the Galactic rotational velocity in the direction of the Galactic rotation and W is the component positive toward the North Galactic Pole. This calculation assumes the distance of the Sun from the Galactic centre to be 8.4 kpc, its motion relative to the Local Standard of Rest (LSR) to have components (vx,vy,vz) = (11.1, 12.24, 7 .25) km s −1 and the velocity of the LSR to be VLSR = 242 km s −1 (Irrgang et al. 2013 ). Figure 3 shows the distribution of rotational velocity, V , for all 88 stars. A peak can be seen at 220 km s −1 , near the local standard of rest (LSR) where disk stars are expected to be. This has also been found in (Pauli et al. 2006) for their white dwarf sample. This distribution is similar to the sample of 114 sdBs analysed by Altmann et al. (2004) who also found a similar peak and a tail of the distribution extending into negative rotational velocities.
Galactic velocities and velocity dispersions
The kinematics of this sample were first investigated using a U − V velocity diagram. In Fig. 1 , the Galactic radial velocity U is plotted versus the Galactic rotational velocity V . The dotted ellipses correspond to the 3σ-thick and 3σ-thin disk distributions of white dwarfs as calculated by Pauli et al. (2006) , who classified a sample of 398 white dwarfs based on their position in the U − V diagram, the position in the Jz -eccentricity diagram and the stars Galactic orbit combined with age information. In the U − V diagram ( Fig. 1 ) the helium-deficient stars (green) are mostly clustered around the LSR (black star). The helium-rich stars (intermediate and extreme) are more widely distributed in this plot. Two of these stars have possible retrograde orbits, with their Galactic rotational velocities being negative, they are labelled in Fig. 1 . HE 2218-2026 lies far outside the disk Table 3 . Mean values and standard deviations of the hot subdwarf helium classes. Results from Altmann et al. (2004) and Pauli et al. (2006) are also shown here. distributions with a high Galactic radial velocity of almost 300 km s −1 . Another method of analysing the kinematics of stars is to look at their total velocity or kinetic energy. In Fig 
Galactic Orbits
Calculating the orbits
In addition to Galactic velocities the orbits were calculated for the stars in this sample. This was achieved using galpy, a python package for Galactic-dynamic calculations (Bovy 2015) . The orbits were computed using the potential MWPotential2014, this model is fit to dynamical data of the Milky Way. Although this is not the best possible current model, it was chosen as it gives a realistic model of the Milky Way's gravitational potential that is simple and easy to use. It consists of a bulge modelled as a power-law density profile that is exponentially cut off with a power-law exponent of -1.8 and a cut-off radius of 1.9 kpc, a Miyamoto-Nagai Potential disk (Miyamoto & Nagai 1975) , and a dark-matter halo described by a Navarro-Frenk-White potential (Navarro et al. 1996) . The distance of the Sun from the Galactic centre is set to 8.4 kpc and the velocity of the LSR is VLSR = 242 km s −1 .
Extracted from these orbits, integrated over ≈ 3Gyrs, are the quantities apocentre, Ra, pericentre, Rp, eccentricity, e, maximum vertical amplitude, zmax, and normalised z-extent, zn. The quantities Ra and Rp are the maximum and minimum distances from the Galactic centre attained during a revolution of 2π radians, measured on the Galactic plane. From these distances we find the eccentricity which is given by
The normalised z-extent of the orbit, which can be used as a measure for the inclination of an orbit, is given by
where R is the galactocentric distance. These quantities are shown in appendix Tables A.9-A.11, along with the star's Galactic velocities. The mean values and standard deviations for the parameters e, zn and zmax are shown in Table  4 . Two important orbital parameters are the z-component of the angular momentum Jz and the eccentricity of the orbit. Fig. 4 shows a plot of Jz versus eccentricity. This diagram can be used to distinguish different populations. The thin disk stars cluster in an area of low eccentricity and Jz around 1800 kpc km s −1 . Pauli et al. (2003) call this Region 1. The thick disk stars possess higher eccentricities and lower angular momenta called Region 2. Those stars which lie outside these regions are halo candidate stars. Fig. 7 shows histograms of the eccentricity distribution of the three helium classes. The He-deficient and total group of stars has a peak of e ≈ 0.2, this region is mainly populated by disk stars. The He-enriched stars, on the other hand, have a distribution widely spread over the whole range. Our classification scheme has been adopted from Pauli et al. (2003 Pauli et al. ( , 2006 . Ma et al. (2016) found a vertical scale height for the thick disk between 1 and 1.5 kpc, so here we have set 1.5 kpc as the cut-off height for the thin disk.
The orbits and orbit parameters
(i) Stars whose orbits have low eccentricity and low inclination on the Galactic plane are referred to as the thin disk component. These stars must lie within region 1 in the Jz -e diagram and within the 3σ-thin disk contour and have zmax < 1.5 kpc (ii) Stars which lie in Region 2 and the 3σ-thick disk contour have been classified as belonging to the thick disk.
(iii) Stars which have been classified as halo lie outside Regions 1, 2 and lie outside both 3σ contours and have a zmax > 1.5 kpc. All orbits have also been visually inspected as part of the classification. Table 5 shows the number of stars classified as halo, thin or thick disk stars. The thin and thick disk kinematically overlap one another in a way which makes it difficult to find selection criteria capable of distinguishing them from one another. It has been suggested by Bovy (2011) that there is actually no thin/thick disk dichotomy and that the transition between thin and thick disk is rather a continuum of disks.
There is a large variety of orbit morphologies in this sample. Fig. 5 shows the meridonial sections of the orbits of 18 stars. Row 1 contains intermediate helium stars, row 2 contains extreme helium sdO/Bs and row 3 shows the orbits of the helium-deficient sdO/Bs. Columns 1-3 are examples of disk stars and columns 4-6 show halo orbits. The same layout applies to Fig. 6 which shows the orbits projected onto the x − y Galactic plane. should be considered provisional, as there is a non-zero probability that it is a radial velocity variable.
Discussion
In general, hot subdwarfs show a much larger distribution in velocity than white dwarfs. Figure 1 shows that the helium-deficient subdwarfs are more clustered around the LSR which suggests that they are likely disk stars with some having possible thin disk kinematics. Two of the chemicallypeculiar sdBs have a very low or even retrograde rotational velocity indicating that they have halo kinematics. The kinetic energy diagram (Fig. 2) shows a significant portion of the sample have kinematics that are solar-like suggesting membership of the thin disk. The mean values and standard deviations of the galactic velocities of the entire sample of sdO/Bs agree amiably with Altmann's study of 114 sdBs. Examining the helium-deficient velocity distribution alone (Table 3) , it may be seen that the classical sdB stars fit closer to Pauli's white-dwarf thick-disk sample than to Altmann's sample. The helium-rich groups have much higher standard deviations (Table 3 ), suggesting that there is more of a halo contribution to these subgroups. Kawka et al. (2015) calculated the Galactic velocity components of all known hot subdwarf binary systems. They found that the population kinematics imply an old age and include a few likely halo population members and that the hot subdwarf binary population has a velocity dispersion between the thin and thick disk dispersions for white dwarfs. Special attention has been paid to intermediate-helium stars with peculiar surface chemistries (Figs. 5 and 6 ).
LS IV-14
• 116 (Zr, Y, Sr, Ge) initially appears to have a disk orbit due to its maximum vertical amplitude (zmax = 0.26kpc), very low inclination and the shape of its meridional orbit (Fig. 5) . But due to its high eccentricity (e=0.74) and retrograde velocity (V = −54 km s −1 ) it clearly has a halo orbit; cf. Randall et al. (2015) . HE 1256-2738 (Pb) immediately presented as a halo orbit. It has a very low galactic rotational velocity and a very high eccentricity of 0.86. It also has a very close approach to the galactic centre with a pericentre value of 0.59 kpc, which could account for its deviation from a circular orbit. HE 2218-2026, an intermediate-helium hot subdwarf, stands out as having a halo orbit with a large radial, low rotational velocity and a chaotic orbit (Fig. 5) which closely approaches the galactic centre. All of its orbital parameters are characteristic of the halo. At 18 kpc, it has the highest zmax of any of the stars in this sample. The Galactic rest-frame velocity of 321 km s −1 is not high enough to be classified as a hyper-velocity star, i.e. as having rest-frame velocity greater than that of the local Galactic escape velocity (≈ 500 km s −1 ), cf. the review by Brown (2015) . UVO 0825-08 (Ca, Ge, Y, Pb), HE 1238-1745 and HS 1051+2933 are all marginally outside the thick disk 3σ contour and have zmax = 0.86, 2.08 and 3.76 kpc respectively. HS 1051+2933 is clearly a halo star, the other two are marginally halo/thick disk stars. We have been conservative in assigning stars to the lower energy population. PG 0909+276 and UVO 0512-08 (Sc, Ti, V, Mn, Ni), although chemically interesting intermediate-helium subdwarfs, appear to show typical thin disk orbits.
These results are helpful for interpreting the evolutionary origin of all types of hot subdwarfs. For the heliumdeficient or "normal" sdB stars, an origin in a close binary system is considered likely for the majority; indeed, 15/38 of the sample are confirmed binaries. Whether these systems originate in one or more common-envelope ejection episodes, or in a stable Roche-lobe overflow episode, the age and mass of the progenitor are closely linked by the progenitor mainsequence lifetime. Models imply binary sdB progenitors may have masses in the range 0.8 < MMS/ M < 5 or more (Han et al. 2002) , implying possible ages anywhere between 0.2 and 10 Gyr, and hence an origin in either disk or halo. Significantly, the fractions for both classes of helium-rich subdwarfs are much lower, only one intermediate-helium subdwarf, CD-20
• 1123, is a confirmed close binary (Naslim et al. 2012) .
For extreme-helium subdwarfs, Zhang & Jeffery (2012) argue for an origin in a merging double-helium white dwarf binary. Such systems require a significant delay between formation of the double white dwarf and the subsequent merger because, for these stars, orbital decay by gravitational radiation has a timescale ≥ 1 Gyr. Binary star population synthesis studies show that double helium-white dwarf progenitor systems must have formed at least 2 Gyr ago, with 95% formed more than 4 Gyr ago (Yu & Jeffery 2011; Zhang et al. 2014) . One would therefore expect kinematics representative of an older population, as suggested by Table 5 .
The intermediate-helium subdwarfs present more of a challenge. Naslim et al. (2011 Naslim et al. ( , 2013 have argued that the extreme surface abundances seen in LS IV−14
• 116 and the lead stars HE 2359-2844 and HE 1256-2738 are protosubdwarfs, evolving onto the extended horizontal branch. Their atmospheres should consequently represent a snapshot of an evolving surface chemistry in which radiative levitation and gravitational settling continually resort the surface layers as the star evolves and helium sinks out of the photosphere. For this to be true, the intermediatehelium subdwarfs should share the kinematical properties of the helium-deficient subdwarfs. If the fraction of halo stars in each subsample (Table 5 ) is representative of age, then the intermediate-helium subdwarfs (4 halo / 27 stars) would appear to be older than both the helium-deficient (1/38) and the extreme-helium subdwarfs (2/23). However, the statistics are at best small. Radial velocities have not been obtained in a uniform manner so that a high fraction of extreme-helium subdwarfs have only single epoch data, whilst the other groups are represented by multiepoch data. Similarly, the sample space volumes are slightly different, with mean distances for the three groups being d = 1.13 ± 0.89 kpc (intermediate), d = 1.39 ± 0.90 kpc (extreme), and d = 1.07±0.79 kpc (helium-deficient). This could account for the slightly lower energy classification of the helium-deficient group with respect to the helium-rich groups. Moreover, our sample of helium-deficient subdwarfs omits a more distant sample of halo sdBs. Tillich et al. (2011) identified two distinct kinematic groups: normal halo subdwarfs with low Galactic rotation and extreme halo subdwarfs on highly-eccentric retrograde orbits. The presence of two distinct groups indicates different origins. The normal halo sdBs might have been ejected into the halo via the slingshot mechanism. The extreme halo stars might originate in the outskirts of the Galactic disc and not in the central bulge. It is therefore not unreasonable to suspect that the intermediate-helium subdwarfs equally show such a diverse range of kinematical properties.
However, it is puzzling that the two intermediatehelium subdwarfs with the most extreme chemistries are in halo orbits. An intriguing alternative is that these stars represent the ejecta from Type Ia supernovae, as suggested for the hyper-velocity compact helium star US 708 (Justham et al. 2009; Geier et al. 2013) . A hot subdwarf having a massive white dwarf companion in a short-period orbit, such as CD−30
• 11223, will, towards the end of core helium burning, expand and transfer mass to its companion, potentially stripping the hydrogen layers from the subdwarf and leading to a thermonuclear explosion in the white dwarf. The explosion will have the consequences of i) contaminating the helium-rich subdwarf remnant with heavy-metal ejecta from the supernova, and ii) unbinding it with a velocity close to the orbital velocity at the time of explosion ≈ 300 − 500 km s −1 (Liu et al. 2013 ). The result is a chemically-peculiar helium-rich subdwarf in a halo-like orbit. Whether bound or unbound will depend on the subdwarf velocity vector relative to the Galactic potential at the time of explosion.
Conclusion
The space motions and Galactic orbits of 88 hot subdwarfs were computed from published proper motions, radial velocities and inferred distances. The orbital parameters were used to classify sample members as having disk or halo orbits. This study confirms that sdO/B stars are members of all Galactic populations. The sample was divided into helium-deficient (or normal), intermediate-helium and extreme-helium subdwarfs based on their surface helium abundances, in order to establish whether the different groups could be distinguished kinematically. Of the samples studied, helium-deficient sdO/Bs show the lowest standard deviations in all orbital parameters discussed here and are likely to be primarily disk stars. However at least one and possibly two populations of halo sdB stars are also known to exist (Tillich et al. 2011) . Both samples of He-rich subdwarfs appear to have similar kinematics, primarily comprising disk stars with a small fraction of halo objects.
Three intermediate-helium stars, including two with peculiar surface chemistries, show quite extreme halo orbits, but their space velocities are insufficient for them to be bona fide hyper-velocity stars. The high velocities argue against a previously proposed connection between the chemicallypeculiar and normal hot subdwarfs, but pose equally challenging questions concerning the origin of the former. The possibility that they are the polluted ejecta from Type Ia supernovae appears to be worth exploring further.
The primary limitation of this study is the small sam-ple size, particularly with regard to the extreme-and intermediate-helium subsamples. In the near future, the Gaia spacecraft will deliver distances and proper motions having two orders of magnitude better precision than currently available; many of the questions raised here will be addressed within a very few years.
The input data, including radial velocities, proper motions and inferred distances for each of the three subdwarf groups are presented in Tables A.6 -A.8. The orbital parameters, space motions, and inferred population are presented in Tables A.9 -A.11. The table contents are described fully in the text ( § §2 and 3). Luo et al. (2015) , t. This paper: Table 1 Table A.7. Input data for the extreme helium-rich stars. Symbols as in A.6. Beers et al. (1992) , t. This paper: Table 1 Karl et al. (2006) §These stars sow signs of orbital variation, the the data is insufficient to extract γ. Here the mean radial velocities and standard deviations are used.
Table A.9. Orbital parameters, galactic velocities and 1-σ errors for the intermediate helium-rich stars. The last column shows the Galactic population in which each star has been classified. TH = thin disk, TK = thick disk and H = halo. 
